Abstract: Glioblastoma multiforme is the most frequent and most aggressive malignant brain tumor with de facto no long term curation by the use of current multimodal therapeutic approaches. The efficacy of brachytherapy and enhancing interstitial hyperthermia has been demonstrated. RF heating at ultrahigh fields (B 0 =7.0T, f=298MHz) has the potential of delivering sufficiently large thermal dosage for hyperthermia of relatively large tumor areas. This work focuses on electromagnetic field (EMF) simulations and provides realistic applicator designs tailored for simultaneous RF heating and MRI. Our simulations took advantage of target volumes derived from patient data, and our preliminary results suggest that RF power can be focused to both a small tumor area and a large clinical target volume.
Introduction
Glioblastoma multiforme is the most frequent and aggressive malignant braintumor with no long term curation by the use of current multimodal therapeutic approaches [1] . A prospective randomized trial showed the principal effectiveness of brachytherapy and enhancing interstitial hyperthermia, prolonging median survival [2] . The invasiveness of this approach is a major road blocker for wider clinical application, thus the need for non-invasive thermal therapy solutions is obvious. Simultaneous RFheating and MR imaging at ultrahigh fields (B 0 =7.0T, f=298MHz) [3] [4] [5] [6] [7] has the potential of delivering and managing sufficiently large thermal dosage for hyperthermia of relatively large tumor areas. En route to a potential RFinduced hyperthermia treatment of glioblastoma in the human brain, this work focuses on electromagnetic field (EMF) simulations and provides realistic RF applicator designs tailored for simultaneous RF-heating and MRI.
Methods
EMF simulations [8] were performed in for two voxel models of the human head:  Voxel model "Duke" [9] was upgraded with a sphere (d=4cm, σ Tumor =1.15S/m, ε Tumor =66.5 [10] , Figure 1a ).  A real clinical computed tomography (CT) dataset of a patient with glioblastoma multiforme was segmented into 18 contours and assigned respective EM material properties of tissue [11] (Figure 1b) . The model differentiates two regions in the brain: the tumor (dark yellow) and the clinical target volume (CTV) which is subject to radiotherapy planning.
Three RF antenna arrays were modeled, each comprising bowtie electric dipole antennae in a circular arrangement. These building blocks demonstrated good RF heating and MR imaging performance at f=298MHz [3, 12] For the proposed RF-applicator designs and tumor models, the E-fields of the transmit elements were combined [14] [15] [16] [17] [18] using an optimization algorithm [19] for the specific absorption rate (SAR)-distributions. Different constraints namely the maximum SAR 10g in healthy tissue and the maximum total power delivered to the head were set. To cover a broad range of tumor sizes, shapes and locations in patients, two optimizers were implemented: (i) aiming for a maximum RF power deposition in the target region and (ii) simultaneously targeting a uniform distribution of the RF power while sparing surrounding healthy tissue (consideration of "organs at risk"). The uniformity of the power distribution can be traded for higher peak SAR 10g values in the target region by increasing the constraint "target".
Results

Figure 3:
The maximum intensity projections show the SAR 10g distribution in the ROI (top) and the CTV (middle and bottom) for all applicator designs. For the CTV, the small tumor optimizer (ST Opt) and and large tumor optimizer (LT Opt) are compared. For LT Opt of design3, the results for two target values are displayed. The SAR 10g limit is set to 40W/kg for the therapeutical approach [20] . Design 3 enables tumor heating with lower SAR 10g values in the healthy tissue, sparing the surrounding organs at risk (OAR) for both tumor models. ST Opt reaches higher peak SAR 10g values in the CTV while exposing the OAR to a higher power deposition. The readout for maximum tumor SAR10g, total delivered power to the target region and total head power are summarized in Table 1 . Figure 4 : Quantification of the power distribution for all designs and tumor models is done for the total power delivered to the ROI/CTV (top), the fraction of the ROI/CTV with SAR 10g levels above the SAR 10g (OAR) limit (middle) and the uniformity of the power distribution (bottom). For all cases, the optimization runs into saturation for a certain allowed total head power P Head (icons change from bold to empty). Design 3 reaches said saturation with lower P Head , i.e. sparing the OAR, but nevertheless outperforms the other designs in RF power delivery. This indicates the importance of introducing the longitudinal dimension in the array for better hotspot steering. A small trade-off has to be accepted in terms of uniformity of the power distribution.
Furtheron, we found that ST Opt obtains superior RF power delivery in the large tumor while the setback in uniformity is only minor. 
Discussion and conclusion
Our preliminary results suggest that RF power can be focused to both a small tumor area (V≈33ml) and a large clinical target volume (V≈500ml) based on segmented patient data used in this work. A higher number of transmit RF channels arranged in an interleaved manner improves hyperthermia performance. To take our work to the next level the simulation setup will be extended to temperature optimizations using temperature matrices [21] in order to calculate thermal dose (CEM43°C) distributions [22] . 
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